(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



BP 0568 612 B1 



(12) 



EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
06.03.1996 Bulletin 1996/10 

(21) Application number: 92904522.7 

(22) Date of filing: 23.01.1992 



(51) intci.6: G01V 3/06, G01V 3/165 

(86) International application number: 
PCT/DK92/00023 

(87) International publication number: 

WO 92/13286 (06.08.1992 Gazette 1992/21) 



(54) i\/IEASURING EQUIPMENT FOR ELECTRICAL PROFILING OF A TERRAIN 

ANORDNUNG ZUR ELEKTRISCHEN GELANDEPROFILMESSUNQ 
EQUIPEMENT DE PRISE DE MESURE ELECTRIQUE DU PROFIL D'UN TERRAIN 



QQ 

CD 

00 
(O 

o 

Q. 
LU 



(84) Designated Contracting States: 

AT BE CH DE DK ES FR GB GR IT Li LU MC NL 



(30) Priority: 24.01.1991 DK 122/91 

(43) Date of publication of application: 
10.11.1993 Bulletin 1993/45 

(73) Proprietor: SORENSEN, Kurt I. 
DK-8362 Horning (DK) 



(72) Inventor: SORENSEN, Kurt 1. 
DK-8362 Horning (DK) 

(74) Representative: Holme, Edvard 
Holme Patent AJS, 
Sankt Peders Straede 41 
DK-1453 Copenliagen K (DK) 



(56) References cited: 
DD-B- 145 671 
GB-A-2 132 357 
US- A- 2 885 633 
US- A- 3 808 521 



GB-A-2 106 653 
US-A-2 105 247 

US-A- 3 525 037 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition tee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve, 75001 PARIS (FR) 



1 



EP0 568 612 B1 



2 



Description 

The invention concerns measuring equipnnent for 
mapping the subsurface geology in a terrain by means 
of electrical profiling, said equipment comprising at least 
one electrical current circuit for passing a current via cur- 
rent electrodes from a current source through the surface 
layer to be examined, and at least one voltage circuit with 
a measuring instrument for measuring, via voltage elec- 
trodes, the voltage drop of the current across these. 

Electrical profiling of this type has been known for a 
long time and has been extensively used particularly in 
recent years as a tool for detailed description of the sub- 
surface geology in connection with e.g. pollution. For this 
purpose there is usually used an electrode array in a 
so-called Wenner configuration with four electrodes in 
the form of earth rods, which are driven down into the 
earth in a row, with the same mutual spacing and the 
measuring point defined as the center point of the array. 
Then a constant electrical current is passed through the 
earth between the two outermost earth rods, the current 
electrodes, by means of a current generator, following 
which the voltage drop of the current across the two cen- 
tral earth rods, the voltage electrodes, is measured. Prior 
to taking this measurement, the electrochemical surface 
po-tentials must have stabilized to a constant value, and 
this typically takes 20-30 seconds. To balance this resid- 
ual error contribution two or more measurements are tak- 
en in the same electrode array, the current direction be- 
ing reversed each time, so that the error contribution is 
substantially balanced owing to the subtraction of the in- 
dividual measurement results involved by this method. 
This technique is known e.g. from the patent specifica- 
tions US 2 640 097 and GB 2 106 653. On the basis of 
the given current strength, the measured voltage drop 
across the voltage electrodes and a factor depending 
solely upon the geometry of the array, the electrical re- 
sistance of the earth formation corresponding to a spe- 
cific focusing depth is finally calculated. 

A so-called line profiling is typically used in the taking 
of the measurements, the measuring configuration being 
successively moved along a line with the same spacing 
between the measuring points, and since the electrical 
resistance is frequently to be registered at several differ- 
ent focusing depths at the same measuring point, the 
rods are moved symmetrically around this measuring 
point, and then the measurements are repeated at vari- 
ous rod distances corresponding to the focusing depths 
to be measured. 

When a large number of these line profilings are per- 
formed successively, a sum of measurement results can 
be provided which, in combination, provide a reliable 
mapping of the electrical resistance of the strata, and 
thereby giving, when interpreted, a satisfactory picture 
of the geological structure of the area. As will appear, the 
method is extremely slow and cumbersome, and this ap- 
plies especially when, as is often the case, it is necessary 
to examine the formation at several different focusing 



depths for each individual measuring point, and these 
are positioned relatively closely to each otherforthearea 
to be mapped with a sufficiently high level of detail. 
With a viewto facilitating this slow and laborious field 
5 procedure it has been proposed in the US Patent Spec- 
ification 2 105 247 to use mobile electrodes in the form 
of e.g. endless tracks on a tractor travelling across the 
surface of the earth while measurements are continu- 
ously taken. In this method it was found necessary to use 
10 a relatively great current strength of between 5 and 20 
amperes to obtain a voltage signal which was so power- 
ful that it could be distinguished with reasonable certainty 
from the electrochemical surface voltages which oc- 
curred as a consequence of the passage of the voltage 
15 electrodes across the varying chemical environment of 
the surface of the earth. For such a great current strength 
to be transmitted, the electrode pressure against the 
earth had to be relatively great to form a sufficiently small 
transitional resistance between the electrodes and the 
earth. Thus, electrodes having a weight of between 50 
and 100 kg per electrode have been used in practice, 
and these heavy and unhandy electrodes in connection 
with the high and dangerous current strengths have en- 
tailed that the proposed technique has only been used 
on a purely experimental basis. 

Another form of mobile electrodes is described in the 
patent specification DD 145 671, the electrodes being 
constructed as a sort of knives which are secured under 
their respective carriages which are towed in a row by a 
towing means, e.g. a vehicle. When thus the electrodes 
are constructed as knives, the transitional resistance be- 
tween the electrodes and the earth is reduced with re- 
spect to the method known from the above-mentioned 
US Patent Specification 2 1 05 247, but on the other hand 
can be used in practice only in homogeneous, relatively 
loose strata, because the knives cannot or only with dif- 
ficulty cut through firm and hard formations, and because 
they loose contact with the earth or get stuck if they hit 
a stone. If the voltage signals are to be distinguished with 
reasonable certainty from the electrochemical voltages 
in the uppermost stratum, it will, when only the means 
described in the patent are used, also be necessary in 
this case to use relatively great current strengths which 
constitute a safety hazard to the operators. Furthermore, 
the patent does not teach how to solve the above-men- 
tioned problems, and how to make the measurement, 
and also fails to mention the specific electrical means 
which are used in the measuring system. 

The US Specification 2 885 633 discloses mobile 
electrodes in form of sleds towed over structures made 
of electrically non-conducting material as glacier ice for 
detecting inhomogeneties as crevasses in this ice. The 
contact Is capacltive and the apparatus Is measuring the 
dielectric constant by means of displacement current. 
Such this apparatus cannot be used for measuring the 
electrical earth resistance. 

The US Patent Specification 3 808 521 describes an 
instrument for measuring the electrical earth resistance. 
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Unharmful current strengths below 10 mA are used in 

this case, so that in the described electrical circuit it is 
necessary to ensure extrennely intinnate contact between 
electrodes and earth to reduce the transitional resistance 
to such a small size as to provide an even tolerably sat- 
isfactory measurennent result. Accordingly, this instru- 
ment cannot be used in connection with mobile elec- 
trodes. 

The object of the invention is to provide measuring 
equipment of the type stated in the opening paragraph, 
which can map the subsurface geology of an earth for- 
mation by means of electrical profiling more rapidly and 
easily than known before and without safety risks to the 
operators. 

The measuring equipment of the invention is novel 
and unique in that, in combination, the measuring equip- 
ment comprises the features that the electrodes are mo- 
bile, that the electrodes in a firm configuration are mount- 
ed on a tow in the form of a cable or a rope towed by a 
vehicle or other towing means during the profiling oper- 
ation, that the voltage circuit includes a bandpass filter, 
that the current circuit includes a current limitor in the 
form of a generator with such a low power that it does 
not constitute any health risk to individuals that might get 
in touch with current carrying parts, such as the current 
electrodes. 

The towing means may e.g. be a tractor which si- 
multaneously carries the operator and the necessary 
electrical apparatus, which is in turn connected to each 
individual electrode by means of insulated wires which 
are run along the tow. In this manner the operator can 
easily and quickly and with desired density, e.g. contin- 
uously, perform the measurements, since he just has to 
steer the tractor through the terrain with the electrodes 
dragged along like a long tail following the irregularities 
of the terrain. 

In the field work, where it may e.g. be necessary to 
lift one or more electrodes over an obstacle, the opera- 
tors can freely handle and work with the equipment with- 
out any risk of being subjected to hazardous or fatal 
shocks, which may be dangerous in particular when, as 
is typically the case, AC current is used with a frequency 
in the range between 10 and 100 Hz. The threshold limit 
of when a person is no longer capable of releasing a cur- 
rent carrying part himself at these frequencies, is far be- 
low the 5-20 amperes which were used in the equipment 
described in the above-mentioned US Patent Specifica- 
tion 2 105 247. The size of the threshold limit is so low 
as about 10 milliamperes and can only give a quite weak 
voltage signal which, other things being equal, is there- 
fore easily drowned by the electrochemical surface volt- 
ages. However, these voltages will substantially be elim- 
inated from the complete signal by means of the band- 
pass filter in the voltage circuit, so that it is only the volt- 
age signal referring to the geological structure in ques- 
tion that is registered. The actual current limitation can 
advantageously take place by arranging the current 
source as a constant current generator. 



Thus, the operating staff can handle the current car- 
rying electrodes without risk, each of which preferably 
has a weight of between 1 0 and 1 5 kg and can therefore 
easily be lifted by a single person who alone can there- 

5 fore operate the complete arrangement, it having been 
necessary in the past to have at least three persons do- 
ing the job. If desired, the electrode may also have a 
greater weight of e.g. up to 100 kg, and the handling of 
them may then ad-vantageously take place by machine. 

10 When the geology is to be examined at several dif- 
ferent depths, several electrode configurations may ad- 
vantageously be provided on the same tow to increase 
the measuring rate, and additionally several parallel tows 
may be towed simultaneously by means of a beam, it 

^5 being thereby possible to cover a complete band of the 
surface of the earth which is to be measured. 

As mentioned before, the various electrical wires 
from the electrical apparatus on the towing means are 
run to each individual electrode along the tow. This par- 

20 allel wire layout entails in operation that inductive and 
capacitive cross talk occurs from the current conductors 
to the voltage or signal conductors and capacitive cross 
talk between the signal conductors. The consequent 
noise signals are compensated by mounting in each 

25 electrode an electrode amplifier in the form of a sin- 
gle-ended amplifier, which typically amplifies the elec- 
trode signal by a factor of 10-50. The amplifier is more- 
over provided with a low output impedance causing a re- 
duction of the capacitive cross talk to the signal conduc- 

30 tors, and since the signals have now been greatly ampli- 
fied; the interference from the inductive cross talk from 
the current conductors to the signal conductors will like- 
wise be reduced to a size which is without practical im- 
portance. 

35 The invention will be explained more fully by the fol- 
lowing description of embodiments which just serve as 
examples, with reference to the drawing, in which, 

fig. 1 shows conventional measuring equipment for 

40 electrical profiling with four earth rods arranged in a 
Wenner configuration, 

fig. 2 schematically shows a first embodiment of an 
array according to the invention with four drag e\ec- 
45 trodes towed by a tractor by means of a tow, 

fig. 3 shows the same, but in another embodiment, 

fig. 4 shows a tow with two current electrodes and 
50 four voltage electrodes, 

fig. 5 shows three parallel tows on a beam, each hav- 
ing two current electrodes and six voltage elec- 
trodes, 

55 

fig. 6 shows an enlarged view of an embodiment of 
a drag electrode according to the invention. 
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fig. 7 is a diagram showing tlie variation of the elec- 
trode voltages during towing, and how the resulting 
noise component is reduced by means of a synchro- 
nous detection technique, 

fig. 8 is a diagram showing the apparent formation 

resistance measured in a traditional Wenner config- 
uration with rod electrodes, with electrode distances 
of 5 and 1 5 m, respectively, and 

fig. 9 shows the same, but with the measurements 

obtained by means of the measuring equipment of 
the invention. 

The theoretical background of the electrical profiling 
technique may be illustrated by means of fig. 1, which 
shows a conventional Wenner configuration with four 
earth rods which are driven 10-30 cm down into the earth 
with a mutual distance a, or so far as to ensure reliable 
galvanic contact with it. By means of a current generator 
1 and an electric wire 2, current I is passed into the for- 
mation via the two outermost earth rods 3a, 3b, the cur- 
rent electrodes, which are marked in black, and the volt- 
age drop dV across the two central earth rods 4a, 4b, 
which are connected with an electric wire 5, is measured 
by means of a voltmeter 6. On the basis of I and dV the 
apparent resistance of the formation can now be calcu- 
lated as follows : 

Rhoa = K ( a ) dV/ I 
where K (a) is a geometrical factor which depends solely 
upon the distance a between the electrode rods. 

This distance a may e.g. be 5 m, whereby the meas- 
urements will refer to a corresponding focusing depth in 
the center point of the array. Usually, it is desired to ob- 
tain knowledge of the geological conditions at several 
depths, and for this purpose the rods are then moved 
symmetrically outwardly about the same center point to 
a rod distance of e.g. 15 m, and then the measurements 
are repeated. Since the current now penetrates deeper 
down into the formation, the measurements will now re- 
fer to a correspondingly greater focusing depth. This 
process can then be repeated a desired number of times 
until a satisfactory level of detail has been obtained in 
this measuring point, following which the positions of the 
rods are moved a suitable distance, and the entire oper- 
ation is repeated. Extremely precise information on the 
nature of the formation can be obtained by means of this 
method, but the work is extremely slow and cumbersome 
and usually requires a team of three persons. 

In fig. 2 the rods are replaced by drag electrodes 7a, 
7b for the current and drag electrodes 8a, 8b for the volt- 
age. These drag electrodes are hooked on a tow 9 in the 
form of e.g. a 0 10 rope of the Kevlar type, which is not 
electrically conducting and moreover has a breaking 
strength sufficiently high for the purpose. In the shown 
case the tow is towed through the terrain by means of a 
tractor 10, but it is possible to use any other towing 
means, e.g. a horse. Like in the conventional method de- 



scribed above in connection with fig. 1, current I is 
passed out through the outermost current electrodes 7a, 
7b by means of a current generator 11 and an electric 
wire 12, while the voltage drop dv is measured across 

5 the two central voltage electrodes 8a, 8b by means of a 
voltmeter 13 in an electric wire 14. The measurements 
can now be made steadily and at a great speed by means 
of this equipment during the travel of the tractor, and the 
necessary team is just a single person. 

10 For equipment of this type to be useful in practice, 
the electrodes must be so light that they can be lifted and 
moved without difficulty by a single person, and therefore 
they should preferably not weigh more than 10-15 kg 
each. This entails that each individual electrode forms a 

15 relatively weak contact pressure against the earth, and 
that the current encounters a correspondingly great elec- 
trical resistance at this point. To this should be added 
that the current must necessarily be limited to quite a 
small size so that at the usually employed frequencies 

20 of between 1 0 and 1 00 Hz the current involves no clanger 
for persons who might contact current carrying parts of 
the equipment, which frequently takes place when the 
operator is e.g. to lift an electrode over an obstacle in the 
terrain. Thus, the International Electronic Commission 

25 report of 1 984 on the effect of the passage of electrical 
current through the human body at frequencies of be- 
tween 15 and 100 Hz states an upper threshold limit of 
10 milliamperesfor the current strength which still allows 
a person to release a stripped current conducting object. 

30 For safety reasons, the current circuit in the meas- 
uring equipment of the invention therefore includes 
means for limiting the current strength to a level which is 
below the above-mentioned threshold limit of 1 0 milliam- 
peres or another safety level that might be fixed by the 

35 authorities. Therefore, in contrast to the previously men- 
tioned older US Patent Specification 2 105 247 which 
describes equipment with heavy electrodes and great 
current strengths, the measuring equipment of the inven- 
tion can now be operated easily and without difficulty by 

40 a single person, who can freely touch and move the light 
current conducting electrodes without any risk of being 
injured by the electrical current. 

The highly limited current strength in connection with 
the highly increased electrical transitional resistance be- 

45 tween the electrodes and the earth with respect to the 
prior art entail on the other hand that the voltage drop 
across the voltage electrodes or the signal to be regis- 
tered is extremely weak and is therefore difficult to dis- 
tinguish from the inevitable noise signals, which are 

50 caused by the highly varying electrochemical surface po- 
tentials on the voltage electrodes, and which may typi- 
cally be of the same order as the signal generated by the 
transmitted current or even be greater than this. 

For the desired signal to be separately registered, 

55 the voltage circuit in the measuring equipment of the in- 
vention therefore has inserted in it a bandpass filter 
which operates by means of a pickup technique compris- 
ing transmitting a low frequency pulse train with e.g. a 
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frequency of between 1 0 and 30 Hz by reversing currents 

and measuring the voltage across the voltage electrodes 
in synchronism with this pulse train. The individual volt- 
age measurements are then added/subtracted in the 
special electronic circuits in phase with the transmitted 
current, to provide an output signal by means of a suita- 
ble averaging time (1 -5 sec), where the interference from 
the noise signals is reduced to a negligible level. The em- 
ployed technique, which is called phase synchronous 
detection technique by those skilled in the art, is known 
per se and will therefore not be mentioned in greater de- 
tail here. 

The surprisingly good result achieved by using the 
technique in connection with light drag electrodes and 
unharmful small current strengths appears clearly from 
the diagram in fig. 7, which shows the noise signal and 
the synchronous signal, respectively in atest performed 
in practice where the electrodes were towed across the 
ground at a speed of 0.2 m/sec, the synchronous fre- 
quency being 20 Hz and the averaging time 1 sec. 

In the measuring equipment shown in fig. 2 the elec- 
tric wires 12,14 are plotted for clarity as if they were free 
with respect to the tow 9. However, in the practical em- 
bodiment all instruments are expediently placed on the 
tractor 1 0, and both the current wires 1 2 and the voltage 
wires 14 are run from the tractor out to the electrodes 
along the tow. The wires will hereby be positioned close 
to each other, so that inductive and capacitive cross talk 
occurs from current conductor to signal conductor and 
capacitive cross talk between the signal conductors. 

This cross talk adds to the interference with the de- 
sired signal at significant noise signals which, however, 
are compensated by positioning in each individual elec- 
trode an electrode amplifier in the form of a single-ended 
amplifier with reference to a common terminal (earth ter- 
minal) which is run to all voltage electrodes. Any desired 
voltage difference between the individual electrodes can 
hereby be measured. The electrode signal is typically 
amplified 10-50 times by means of the amplifier, which 
is moreover provided with a low output impedance caus- 
ing the capacitive cross talk to the signal conductors to 
be reduced, and since the signals are now greatly am- 
plified, interference from the inductive cross talkfrom the 
current cables will likewise be reduced to a size which 
has no practical importance. 

Fig. 3 schematically shows a further development of 
the embodiment shown in fig. 2, which is now provided 
with the above-mentioned electronic means for compen- 
sating or eliminating the noise signals, as well as with 
equipment for measuring and recalling the various data 
to be collected. 

In this case the electrodes are arranged in a Wenner 
configuration with the current electrodes 15a, 15b in the 
centerand the voltage electrodes 16a, 16b arranged one 
on each side of the current electrodes, and the complete 
measuring setup is shown as a block diagram Electric 
current limitation takes place in the example shown by 
using a constant current generator 1 7, which is so adapt- 



ed as to maintain a constant current, which is preferably 
an AC current, within the maximum level prescribed for 
safety reasons. The voltage signal amplified in the elec- 
trode amplifiers is additionally amplified by a preamplifier 

5 1 8, and the portion in phase with the pulse train from the 
generator 17 Is selected in the phase lock 19 which, to- 
gether with the averaging circuit 20 constitutes a band- 
pass filter. The signal from the averaging circuit 20 is en- 
tered into a data logger 21 which receives a datum at 

10 suitable intervals, e.g. 1 -5 sec, under the control of puls- 
es from a counting wheel (not shown) and the operator. 
The apparatus moreover comprises an output unit 22 
and a plotter 23 for plotting continuous profiles with mark- 
ing of the travelled distances measured by the counting 

15 wheel. 

While the measuring equipment shown in figs. 2 and 
3 just comprises a single electrode configuration, the 
same tow as shown in figs. 4 and 5 may readily comprise 
several electrode configurations. In this case too, the 

20 current electrodes are marked in black, and the actual 
tow is drawn in broken line to indicate that the electrode 
distance is not equidistant, but may be suitably varied to 
form the desired configurations. Figs. 4 and 5 show some 
electrode distances which have been found in practice 

25 to form expedient configurations. In the tow of six elec- 
trodes shown in fig. 4., two configurations are thus 
formed, and three configurations are formed in the tow 
of eight electrodes shown in fig. 5. 

Profiling data from several electrode distances and 

30 thereby more penetration depths may be obtained simul- 
taneously in the same towing operation by means of the 
above-mentioned arrangement with several electrode 
configurations. The electrodes are then positioned in the 
tow so as to give the same horizontal focusing. The sam- 

35 piing rate, i.e. the number of measuring operations which 
can be performed per unit of time, can hereby be in- 
creased additionally to a considerable extent with re- 
spect to the conventionally employed technique. By 
means of a bar 24 the tractor 1 0 can moreover tow sev- 

40 eral parallel tows such that a complete band of the sur- 
face of the earth is covered in the form of a band profiling. 

The sampling rate can be increased by the number 
of employed parallel tows by means of the last-men- 
tioned method, but the additional advantage is achieved 

45 that cross correlations capable of revealing resistance 
strikes in the terrain can be provided between the resist- 
ance profiles of the individual tows. Furthermore, the ge- 
ological noise caused by subsurface inhomogeneities 
can be reduced by correlation between the individual tow 

50 profiles. 

Fig. 6 shows an expedient embodiment of an elec- 
trode 25. The electrode, which is preferably made of met- 
al, such as iron, is shown to be hollow and tapers coni- 
cally or like a torpedo toward both ends to offer as little 
55 resistance as possible to obstacles, if any, which the 
electrode might encounter when being towed through 
the terrain. Longitudinally through the electrode are pro- 
vided a wear-resistant hose 26 surrounding the current 
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wires 27 and the voltage wires 28, as well as a tension 
relief in the form of e.g. a rope or a wire 29 which is firmly 
connected at both ends to the electrode indirectly 
through the hose 26 or by means of an outlet. This con- 
nection, which may be of any type, is not shown in fig. 6. 
The electrode amplifier 30, whose importance has been 
described exhaustively above, is incorporated in the cav- 
ity of the electrode and is connected to the electrode 25 
and the voltage wire 28, respectively, by means of an 
electric wire 31 . 

In a plurality of experiments performed in practice 
the traction vehicle used was a small tractor of the cat- 
erpillar type which had a width of 70 cm, a length of 120 
cm and a height of 70 cm. The tractor was driven by a 
small petrol engine of 3.5 hp, and the above-mentioned 
electronic instruments were mounted on the tractor. The 
electrodes had a weight of 10-15 kg each and a length 
of about 35 cm with a diameter of about 10 cm, and the 
electrode configurations shown in figs. 4 and 5 were 
used. The tow was pulled through the terrain at a speed 
of 1.0-1.5 km/h, and this limit was set by the machine 
power of the traction vehicle so that it will be possible to 
work with greater speeds with a stronger towing means. 
The frequency used was 25 Hz and the current strength 
10 milliamperes, the averaging time being 1 sec. 

With a view to ascertaining the accuracy of the 
measurements which can be obtained by means of the 
method of the invention, comparative measurements 
with partly earth rods in a conventional Wenner configu- 
ration, partly the above-mentioned equipment were 
made over a distance of about 350 m. The electrode dis- 
tance was 5 and 15 m, respectively, in both cases. An 
electrical main profile was measured with two meters be- 
tween the measuring points by means of the traditional 
Wenner array with rod electrodes. The same distance 
was profiled with drag electrodes twice to and fro, and 
then an averaged main profile was calculated on the ba- 
sis of the four profiles. 

The results of the measurements with earth rods are 
plotted in the diagram shown in fig. 8, while the diagram 
in fig. 9 shows the same measurements made by means 
of the equipment according to the invention. 

As will be seen there is extremely good consistency 
between the results which are obtained by means of the 
two different methods, but the curves shown in fig. 9, rep- 
resenting the measurements with the equipment accord- 
ing to the invention, have a somewhat "softer" course 
than the curves shown in fig. 8 which represent the 
measurements made by means of earth rods. This insig- 
nificant difference can be ascribed to the time averaging 
and thereby the local averaging of the measurement re- 
sult in consequence of the movement of the electrodes. 
Thus, it may be established that electrical profiling by 
means of the equipment of the invention is just as accu- 
rate and reproducible for measuring the apparent elec- 
trical formation resistance as traditional electrical rod 
profiling. To this should be added that the method is 
much quicker and less labour intensive, and that the ge- 



ological mapping can take place with a considerably 
greater level of detail than known before. This therefore 
opens up newpossibilities of advantageously using elec- 
trical profiling for a variety of purposes, of which the fol- 
5 lowing may be mentioned: 

Mapping of deposits of natural resources, where 
electrical profiling has been used for many years, but 
where more detailed and regional explorations can now 
be made by means of the new equipment. 
10 Geotechnical mapping in connection with road con- 
struction and building land to determine moist site areas, 
sand and clay localities. 

Hydrogeological mappings, where the vulnerability 
of water magazines i.e. the homogeneity and extent of 
15 the clay cover layer, is to be described, and the more 
regional mapping of the geology where a hydrogeologi- 
cal model may be extrapolated and interpolated on the 
basis of the profiling results and point information. 

Local mappings in connection with refuse dumps, 
where the same procedure may be used, as well as de- 
tailed mappings of the clay membrane in new refuse 
dumps. 



1. Measuring equipment for mapping the subsurface 
geology in a terrain by of electrical profiling, com- 
prising at least one electrical current circuit for pass- 

30 ing current from a current source via current elec- 
trodes through the surface layer to be examined, 
and at least one voltage circuit with a measuring 
instrument for measuring, via voltage electrodes, 
the voltage drop of the current across these, wherein 

35 the measuring equipment comprises the following 
features in combination: 

a. that the electrodes (7a,7b;8a,8b) are mobile, 

40 b. that the electrodes (7a,7b;8a,8b) in a firm 

configuration are mounted on a tow (9) in the 
form of a cable or a rope which is towed by a 
vehicle (10) or other towing means during the 
profiling operation, 

45 

c. that the voltage circuit includes a bandpass 
filter, and 

d. that the current circuit includes a current lim- 

50 iter in the form of a generator (17) having such 

a low power as to constitute no safety risk to 
individuals who might get in contact with current 
carrying parts, such as the current electrodes. 

55 2. Measuring equipment according to claim 1 , charac- 
terized in that the mobile electrodes (7a,7b;8a,8b) 
are arranged as drag electrodes. 
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3. Measuring equipment according to claim 1 or 2, 
characterized in tinat an electrode amplifier (30) in 
the form of a single-ended amplifier is provided in 
each electrode. 

4. Measuring equipment according to claims 1 , 2 or 3, 
characterized in that each electrode (7a,7b;8a,8b) 
has a weight of up to 100 kg. 

5. Measuring equipment according to one or more of 
claims 1-4, characterized in that each electrode 

(7a,7b;8a,8b) has a weight of between 5 and 25 kg, 
preferably between 10 and 15 kg. 

6. Measuring equipment according to one or more of 
claims 1 -5, characterized in that at least two elec- 
trode configurations are mounted on the tow, and 
that the electrode distance for each configuration is 
different from the electrode distance of the other 
configurations. 

7. Measuring equipment according to one or more of 
claims 1 -6, characterized by comprising a bar (24) 
for simultaneously towing several parallel tows. 



Patentanspriiche 



2. Messvorrichtung nach Anspruch 1, dadurch 
gelcennzeichnet, dass die mobilen Elektroden 
(7a,7b;8a,8b) als Schleif elektroden angeordnet 
sind. 

5 

3. Messvorrichtung nach Anspruch 1 Oder 2, dadurch 
gelcennzeichnet, dass in jeder Elektrode ein Elek- 
troden verstarker (30) in der Form eines sin- 
gle-ended- Verstarkers vorgesehen ist. 

10 

4. Messvorrichtung nach Anspruch 1,2 oder 3, 
dadurch gelcennzeichnet, dass jede Elektrode 
(7a,7b;8a,8b) ein Gewicht bis zu 100 kg hat. 

^5 5. Messvorrichtung nacn einem oder mehreren der 
Anspruche 1-4, dadurch gelcennzeichnet, dass 

jede Elektrode (7a,7b;8a,8b) ein Gewicht zwischen 
5 und 25 kg, vorzugsweise zwischen 10 und 15 kg 
hat. 

20 

6. Messvorrichtung nach einem oder mehreren der 
Anspruche 1-5, dadurch gekennzeichnet, dass 
am Tau mindestens zwei Elektrodengruppierungen 
montiert sind, und dass der Abstand zwischen den 
25 Elektroden jeder Gruppierung vom gegenseitigen 
Abstand der Elektroden der anderen Elektroden- 
gruppierungen abweicht. 



1. Messvorrichtung zum Kartieren der unterirdischen 
Geologie eines Gelandes mittels elektrischer Profi- 30 
lierung, mit mindestens einem elektrischen Strom- 
kreis zum Leiten eines Stroms von einer Strom- 
quelle uber Elektroden durch die zu untersuchende 
Oberflachenschicht, und mindestens einem Span- 
nungskrels mit einem Messgerat, das uber Span- 3S 
nungselektroden den Spannungsabfall im an die- 
sem anstehenden Strom misst, wobei die Messvor- 
richtung in Kombination die folgenden Merkmale 
aufweist: 

40 

a. dass die Elektroden (7a,7b;8a,8b) mobil sind, 

b. dass die Elektroden (7a,7b;8a,8b) in fester 
gegenseitiger Gruppierung an einem Tau (9) in 
Form eines wahrend des Profiliervorgangs von 45 
einem Fahrzeug (10) oder einem anderen 
Schleppmittel geschleppten Kabels oder Sells 
montiert sind, 



7. Messvorrichtung nach einem oder mehreren der 
Anspruche 1-6, gekennzeichnet durch eine 
Stange (24) zum gleichzeitigen Schleppen mehrerer 
paralleler Taue. 

Revendications 

1. appareil de mesure pour etablir une carte de geolo- 
gie souterraine d'un terrain au moyen de I'etablisse- 
ment d'un profi I electrique, comprenant au moins un 
circuit de courant electrique pour faire passer un 
courant a partir d'une source de courant par des 
electrodes de courant a travers la couche de surface 
a examiner, et au moins un circuit de tension avec 
un instrument de mesure pour mesurer, par des 
electrodes de tension, I'elevation de tension du cou- 
rant a travers celles-ci, dans lequel I'appareil de 
mesure comprend les caracteristiques suivantes en 
combinaison : 



c. dass der Spannungskreis ein Bandfilter ent- 50 
halt, und 

d. dass der Stromkreis einen Strombegrenzer 
in Form eines Generators (17) mit einem so 
niedrigen Effekt aufweist, dass dieser fur mit 55 
stromfiihrenden Teilen wie den Stromelektro- 
den eventuell in Beruhrung kommende Indivi- 
duen kein Sicherheitsrisiko darstellt. 



(a) les electrodes (7a,7b;8a,8b) sont mobiles, 

(b) les electrodes (7a,7b;8a,8b) dans une con- 
figuration fixe sont montees sur une remorque 
(9) ayant la forme d'un cable ou d'un cordage 
qui est remorque par un vehicule (10) ou par 
d'autres moyens de remorquage au cours de 
I'operation de I'etablissement du profil, 

(c) le circuit de tension comporte un filtre 
passe-bande, et 
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(d) le circuit de courant comporte un limiteur de 
courant sous la forme d'un generateur (17) 
ayant une puissance suffisamment basse pour 
n'engendrer aucun risque pour les personnes 
qui peuvent contacter les parties de transmis- s 
sion du courant, telles que les electrodes de 
courant. 

2. Appareil de mesure selon la revendication 1 , carac- 
terise en ce que les electrodes mobiles (7a,7b;8a, io 
8b) sont disposees sous la forme d'electrodes 

d'attelage. 

3. Appareil de mesure selon I'une des revendications 

1 et 2, caracterise en ce qu'un amplificateur d'elec- ^5 
trodes (30) sous la forme d'un amplificateur mis a la 
terre par un cote est prevu dans chaque electrode. 

4. Appareil de mesure selon I'une des revendications 

1 ,2 et 3, caracterise en ce que chaque electrode 20 

(7a,7b;8a,8b) a un poids pouvant aller jusqu'a 100 
kg. 

5. Appareil de mesure selon I'une quelconque des 
revendications 1 a 4, caracterise en ce que chaque 25 

electrode (7a,7b;8a,8b) a un poids situe entre 5 et 
25 kg, de preference entre 10 et 15 kg. 

6. Appareil de mesure selon I'une quelconque des 
revendications 1 a 5, caracterise en ce qu'au moins 
deux configurations d'electrodes sont montees sur 
la remorque, et en ce que la distance entre electro- 
des pour chaque configuration est differente de la 
distance entre electrodes des autres configurations. 

7. Appareil de mesure selon I'une quelconque des 
revendications 1 a 6, caracterise en ce qu'il com- 
porte une barre (24) pour le remorquage simultane 
de plusieurs remorques paralleles. 
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1) Towing speed 0^3 m/sec 

2) Synchronous 
frequency 20 Hz 

3) Averaging time i sec 
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